Erysipelothrix rhusiopathiae is the causative agent of swine erysipelas, and it causes great economic losses in Japan and worldwide. In meat inspection, it is very important to distinguish E. rhusiopathiae from other bacteria showing similar clinical signs of disease or similar bacterial characteristics.
No fragments were amplified when nucleic acid from other bacteria that cause clinical signs similar to swine erysipelas were used as the template. Moreover, 5 specimens collected from postinspected swine carcasses were diagnosed as E. rhusiopathiae using the PCR described in this study, in agreement with results of microbiological tests for the genus Erysipelothrix, whereas negative samples were negative both in conventional bacterial tests and by PCR. The detection limit of multiplex PCR ranged from 10 2 to 10 4 colony forming units per reaction tube for positive samples. These results suggest that this method is useful for screening of swine erysipelas in meat inspection centers.
Key words: Erysipelothrix rhusiopathiae; molecular biology; PCR. <!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> In 2004, 1,740 swine cuts of pork were destroyed in Japanese slaughterhouses because of swine erysipelas 8 (SE), and 1,555 swine raised in Japan were diagnosed with SE (http://www.dbtk.mhlw.go.jp/toukei/kouhyo/data-kou24/ data13/03.xls). The causative agent, Erysipelothrix rhusiopathiae, is a Gram-positive rod-shaped bacterium that can induce a variety of clinical diseases in animals and humans. 10, 18, 19 It is important to distinguish E. rhusiopathiae from Erysipelothrix tonsillarum in slaughterhouses because E. tonsillarum, which is virtually nonpathogenic for swine, 13 is indistinguishable from E. rhusiopathiae using conventional diagnostic bacterial tests. 19 Several methods are routinely used for distinguishing between the 2 bacterial species: multilocus electrophoresis, 3 serotyping, 5 randomly amplified polymorphic DNA pattern, 9 production of neuraminidase, 15 and fermentation pattern of glucose or sucrose. 17 However, these methods can be laborious and time consuming. Therefore, a simple, accurate, and rapid test is needed to diagnose E. rhusiopathiae in meat centers. Recently, several methods based on molecular biology have been proposed to detect E. rhusiopathiae or Erysipelothrix spp. 1, 7, 9, 11, 12, 14 In particular, the polymerase chain reaction (PCR) methods developed by Shimoji et al. 11 and Makino et al. 7 have improved simplicity and detection sensitivity. However, the 2 PCR tests need to be performed simultaneously to differentiate E. rhusiopathiae from Erysipelothrix spp. In this report, a multiplex PCR (mPCR) that can distinguish E. rhusiopathiae from E. tonsillarum was developed. This technique could be useful for screening SE in meat inspection centers to definitively detect E. rhusiopathiae.
Two primer pairs (Table 1) were designed to amplify a 2,210 base pair (bp) nucleic acid sequence specific for E. rhusiopathiae chromosomal DNA 13 and a 719-bp fragment containing a highly conserved region among the nucleotide sequence of genus Erysipelothrix 16S rRNA. 7, 16 Tryptic soy broth a supplemented with 0.3% Tris-hydroxymethyl aminomethane, b 0.1% Tween 80, b and 5 mg/ml of crystal violet b was used for routine culture of E. rhusiopathiae. Bacteria were incubated at 37uC for 24-48 hours. Isolation of bacterial DNA was performed according to a previously described method, 13 with slight modifications. Briefly, 1 ml of broth culture was centrifuged at 20,000 3 g for 5 minutes at 4uC, and the pellet was treated with 100 ml of proteinase K c (0.5 mg/ml) at 50uC for 30 minutes. The pellet was suspended in 300 ml of Tris-hydrochloride (pH 8.0) d and centrifuged at 20,000 3 g for 10 minutes at 4uC. The supernatant was treated with phenol-chloroform d and precipitated with ethanol. The precipitate was resuspended into 20 ml of distilled water, and 1 ml of the solution was used as a template for mPCR. Multiplex PCR was performed in a final volume of 50 ml with 1.25 Unit of TaKaRa Ex Taq e according to the manufacturer's instructions. Primers ERY-1F and ERY-2R were used at a concentration of 0.4 mM, whereas primers MO101 and ERS-1R were used at 0.1 mM. Amplification parameters were as follows: Denaturation at 94uC for 1 minute, annealing at 60uC for 40 seconds, and extension at 72uC for 1.5 minutes was performed for 35 cycles. After amplification, products were resolved on a 1.5% agarose gel and stained with ethidium bromide.
Nuecleotide fragments of 2,210 bp and 719 bp were amplified from E. rhusiopathiae American Type Culture Collection (ATCC) 19414 DNA, whereas a 719-bp single fragment was amplified from E. tonsillarum ATCC 43339 ( Fig. 1A) . No fragments were amplified when the other bacterial species (Streptococcus pneumoniae, ATCC 33400; Streptococcus suis, ATCC 43765; Listeria monocytogenes, ATCC BAA-679; Actinobacillus suis, ATCC 33415) g known to cause arthritis or endocarditis in swine were used as a template. Hybridization analysis confirmed that the 2 PCR products were specific for E. rhusiopathiae chromosomal DNA or genus Erysipelothrix 16S rRNA (Fig. 1B or joint fluids were collected from 506 pig carcasses from slaughterhouses to investigate the prevalence of E. rhusiopathiae among apparently healthy pigs. The carcasses had been designated normal by inspectors before sampling. Specimens were cultured as described above, and the typical Erysipelothrix colonies were Gramstained and examined microscopically; 5 samples exhibited the characteristics of Erysipelothrix spp. These 5 samples were further tested by PCR using the primer sets MO101 and MO102, 7 ER-1 and ER-2 11 (Fig. 2) , and the 2 primer sets described in this study (Fig. 3) . All specimens were identified as E. rhusiopathiae, and the sensitivity of the result was supported by the results of a series of conventional bacterial tests for Erysipleothrix spp. (H 2 S production, characteristic colony morphology, glucose formation, and lack of sucrose fermentation). On the other hand, none of the 5 negative samples were positive in either the bacterial tests listed above or in 3 PCR tests (data not shown). Moreover, bacterial DNA of 5 samples were amplified from mPCR mixture containing from 10 2 to 10 4 colony forming units (data not shown), suggesting that the detection limit corresponded to the previous report. 11 These results suggest that E. rhusiotathiae can be detected from slaughter samples using the mPCR developed in this study.
The PCR assay reported by Takeshi et al. 14 is useful for distinguishing E. rhusiopathiae from E. tonsillarum, but may not be useful for discriminating between the 2 because the sizes of the specific fragments are very similar to each other: 399 bp of fragment from E. rhusiopathiae and 384 bp of fragment from E. tonsillarum. In contrast, the mPCR described in this study produces fragments of very dissimilar sizes, which makes it easy to distinguish between E. rhusiopathiae and E. tonsillarum. In meat inspection, it is important to distinguish E. rhusiopathiae from E. tonsillarum or other organisms when Erysipelothrix spp. or bacteria with similar characteristics are detected.
In a previous study, good PCR results were obtained with templates from media inoculated with swine specimens after 24 hours. 11 However, in other studies, researchers reported the presence of false-positives when Erysipelothrix-specific PCR was performed. 4, 6 In those studies, it was hypothesized that too much DNA was present in the specimen or that inhibitors or other unknown factors were present. 6 One disadvantage of PCR techniques is that 18-24 hours of incubation in broth culture is required to obtain sufficient growth of E. rhusiopathiae. 2 This suggests that to be practical, the time frame of the mPCR test needs to be shortened. It is possible in further studies that a modification of the PCR conditions could lead to abbreviated detection timelines for E. rhusiopathiae in meat inspection centers.
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